© 2 0 1 8 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W 137 ABSTRACT X-linked hyperimmunoglobulin M (HIGM) syndrome may increase the susceptibility of patients to disseminated cryptococcal infections primarily due to CD40L deficiency that causes defective cross talk between T-and B-cells, thus preventing class switching. In HIGM syndrome, serum IgM levels are elevated with severe reduction in serum immunoglobulin G (IgG) and IgA levels. In addition, the expression of CD40L (CD154) on in vitro-activated T-cells is severely reduced or absent. Here, we describe a rare, and perhaps, the first reported case in India of a 3-year-old male child with X-linked HIGM immunodeficiency syndrome who developed disseminated Cryptococcosis. Evaluation of the serum IgG profile of the patient revealed increased serum IgM levels with reduced IgG and IgA levels. Both the frequency and the function of T-cells, primarily CD40L on activated T-cells, showed weak expression suggestive of HIGM syndrome.
INTRODUCTION
Primary immunodeficiencies (PIDs) are a heterogeneous group of inherited disorders that can affect cells of the innate or adaptive immune system. Hyperimmunoglobulin M (HIGM) syndrome is one of the rarest PIDs characterized by defects of immunoglobulin class switch recombination (CSR) and somatic hypermutation (SHM), resulting in a defect in switching from IgM to IgG, IgA, or IgE. More than 90% of the patients present clinically, within 4 years of age. The most common type of inherited HIGM is the X-linked form with a deficiency in expression of CD40 ligand (CD40L, CD154) on T-cells on activation. [1] CD40L on activated T-cells binds to CD40 on B-cells and initiates class switching as well as generation of memory B-cells in response to T-cell-dependent antigens. Mutations of CD40, the receptor for CD40L, also cause a rare autosomal recessive form of HIGM with a clinical phenotype similar to CD40L deficiency. Clinically, most patients present with an increased susceptibility to infections, especially by encapsulated bacterial, opportunistic fungal, as well as viral infections. Here, we report a rare case of a 3-year-old male child with X-linked HIGM syndrome who developed disseminated cryptococcosis.
CASE REPORT
A 3-year-old male child was admitted to the pediatric ward of this tertiary care hospital with presenting complaints of persistent low-grade fever over the past 1 month, not responding to conventional antipyretics and antibiotics. The child was the only sibling, out of a nonconsanguineous marriage. He was asymptomatic with normal developmental milestones until about 2 years of age. Perinatal history of the child was uneventful, and although his mother gave a history of him suffering from recurrent fever with upper respiratory tract infections over the past 1 year, he never required hospital admission. On admission at our hospital, a general physical examination revealed multiple subcentrimetric, hyperpigmented, and maculopapular skin lesions over the trunk. He was febrile and had generalized lymphadenopathy and mild icterus. The liver was enlarged and tender. The child had no meningeal signs on presentation. During the course of admission, the child was investigated thoroughly as a case of pyrexia of unknown origin. Routine laboratory tests revealed the following: hemoglobin -7.1 g%, total leukocyte count -3,500/cumm, differential leukocyte This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com levels. A CD40L defect was suspected, and we performed in vitro T-cell stimulation assay to evaluate its expression by flow cytometry (FACS Aria; BD, San Jose, USA). We observed severely reduced expression of CD40 L (CD154) on T-cells obtained from the peripheral blood of the patient after in vitro stimulation with phorbol myristate acetate. Cells were stained with fluorescently labeled antibodies against cell surface markers followed by acquisition by BD FACS Aria. Data analysis was done by FlowJo software [ Figure 2 ]. Since the patient was a male child, his mother's sample was also evaluated for expression of CD154 to determine possible carrier status. CD40L expression was observed only on approximately 50% of the T-cell population, whereas the rest failed to express, suggesting the "X"-linked inheritance pattern of this condition. Based on the clinical presentation and supported by investigation findings, a diagnosis of HIGM syndrome was offered. The child was treated with intravenous immunoglobulin (IVIG) 400 mg/kg 3 monthly, IV Amphotericin B deoxycholate (0.7 mg/kg/day), oral tablet fluconazole (6 mg/kg/day) for 2 weeks, and prophylactic antibiotics to which he responded well. His serum IgG levels normalized and he was discharged after 3 weeks with subsequent follow-up in the pediatric outpatient department.
DISCUSSION
The International Union of Immunological Societies PID expert committee in 2015 have classified HIGM as a Category III disorder comprising of "predominantly antibody deficiencies." [2] This condition was first described by Rosen et al., [3] and later the WHO gave it the nomenclature of "syndrome immunodeficiency with HIGM." The disease phenotype was initially thought to be due to an intrinsic failure of B-cells to mature by undergoing CSR and SHM. However, later, it was recognized that defective T-cell cross talk with the B-cells prevents their sequential class switch. [4] This form of disease is the most common form of HIGM and accounts for 65%-70% of all cases. It is inherited as an X-linked recessive condition, wherein there is a mutation of the CD154 (CD40L, tumor necrosis factor [TNF] SF5) gene, which encodes for the CD40L molecule expressed transiently on the surface of activated CD4+ T-cells (HIGM Type 1). CD40 expressed on B-cells are the receptors for CD154, and this defective cross talk between CD40 and CD154 leads to the impaired isotype switch in the B-cells. The less common forms of HIGM are inherited as autosomal recessive forms and affect both males and females equally. These are CD40 deficiency (HIGM Type 3), activation-induced cytidine deaminase deficiency, where there is a mutation in the activation-induced cytidine deaminase (AICDA) gene (HIGM Type 2), and uracil N-glycosylase deficiency (HIGM Type 5). [5] Another X-linked recessive form of this disease is associated with a mutation in the gene encoding nuclear factor kappa B (NF-κB) essential modulator (HIGM Type 6) that is necessary for the activation of the signaling molecule NF-κB. These patients typically present with a skin condition called ectodermal dysplasia. Type 4 HIGM is genetically undefined.
Although most patients are diagnosed before age 4 years, over one-half of patients develop symptoms of immunodeficiency by count -neutrophils (67%), lymphocytes (26%), monocytes (03%), eosinophils (04%), and platelet count 3.98 × 10 6 /cumm. Serum bilirubin was 2.5 mg/dl, and hepatic enzymes were raised, aspartate aminotransferase (AST) -132 IU/L (reference range -<40 IU/L), AST -78 IU/L (reference range -<40 IU/L), and alkaline phosphatase -1850 U/L (15-270 U/L). Coagulation profile (prothrombin time, activated partial thromboplastin time, and international normalized ratio) was within normal limits. Peripheral smear as well as rapid immunochromatographic test for malaria, serology workup for Leishmania, HIV, and hepatitis viruses were negative. Urine routine microscopy revealed budding yeast forms and the urine culture grew Cryptococcus neoformans. Blood culture (BACTEC) and sputum culture also grew C. neoformans. Fine-needle aspiration cytology cervical lymph node aspirated scanty and mucoid material, which revealed budding yeast forms surrounded by a halo. Special histological stains such as periodic acid-Schiff and mucicarmine identified the organism as C. neoformans. Histopathology from liver biopsy, skin lesion biopsy, lymph node biopsy, and bone marrow aspiration was consistent with disseminated cryptococcosis [ Figure 1a and b]. Cerebrospinal fluid (CSF) was positive for Cryptococcus by latex agglutination test and CSF culture also grew C. neoformans. Computed Tomography (CT) chest/abdomen revealed multiple enlarged homogeneously enhancing mediastinal, mesenteric, and retroperitoneal lymph nodes with vascular encasement. Multiple lung nodules in the perilymphatic and peribronchial region were noted. CT head showed mild cerebral atrophy, although no evidence of meningitis or cryptococcomas was seen.
Owing to the unusual and disseminated form of this infection in the absence of other secondary causes of immunosuppression, a PID disorder was suspected, and the sample was sent for immunological profiling in our immunological laboratory. Serum IgG -120 mg/dl (reference range -45-900 mg/dl) and IgA -15 mg/dl (reference range -20-100 mg/dl) were reduced with elevated IgM -290 mg/dl (reference range -20-200 mg/dl) the age of 1 year and nearly all develop symptoms by 4 years of age. The patients are prone to opportunistic infections, especially encapsulated bacteria, fungus, and viruses. The most common presentation is sinopulmonary infection, but the gastrointestinal, central nervous system, hepatobiliary, and skin involvement also occurs. Patients may also present with autoimmune manifestations such as autoimmune hemolytic anemia, arthritis, thrombocytopenia, and hypothyroidism. There is an increased risk of malignancies, especially hepatocellular carcinoma.
Although ubiquitous in exposure, C. neoformans is an encapsulated yeast that rarely causes clinical infections in the immunocompetent host. It usually affects those having a defect in cell-mediated immunity. Disseminated cryptococcosis is defined by (1) a positive culture from at least two different sites or (2) a positive blood culture. [6] In our patient, positive cultures were obtained from blood and bone marrow, CSF, and lymph node aspirate.
Due to the intrinsic challenges faced by our country in the diagnosis of PIDs, the incidence of individual PIDs is largely underestimated and hence unknown. A study of PIDs in two major pediatric centers in northern India reveals an incidence of X-linked HIGM varying between 1.3% and 2.4%. [7] Shah et al. have reported two cases of HIGM who presented with liver abscesses; however, the diagnosis was based only on basic immunoglobulin profile, and no flow cytometry or genetic analysis was carried out. [8] Nag et al. reported a case of X-linked HIGM with bronchiectasis and Pneumocystis jirovecii pneumonia in a 5-year-old male child. [9] Owing to the disseminated and invasive nature of this otherwise innocuous fungus in a 3-year-old male child who was nonreactive for HIV compelled the clinician to investigate further for a PID disease. In view of the reduced levels of IgG and IgA with mildly elevated IgM levels, the patient was suspected as a case of HIGM syndrome, and he and his mother were subjected to flow cytometric analysis for the expression of CD40L (CD154). The analysis revealed a weak expression of CD40L on the surface of the activated CD4 T-lymphocytes and a carrier status in the mother.
Although classified primarily as a purely humoral defect, patients with HIGM Type 1 and Type 3 are known to present with opportunistic infections such as pneumocystis, toxoplasma, and Cryptococcus. It is probably because in vitro studies have shown that the CD40L-CD40 cross talk is essential for the secretion of interleukin-12 and interferon-γ in response to this organism. [10] Due to the absence of CD40L, the macrophages are unable to activate the T-cells through the APCs, thus significantly blunting the Th1 response, which is primarily responsible for launching the immune response against these fungal elements.
Figure 2: Cell surface expression of CD40L (CD154) on CD3+ CD4+ T-cells from patient with hyperimmunoglobulin syndrome. (a) Lymphocytes were gated by forward versus side scatter, and CD3+ T-cells were further gated on activated CD4+ T-cells expressing CD69 as depicted in the gating strategy. The CD40L expression in stimulated cells (CD154) was overlayed on unstimulated cells in the (b) healthy control and (c) patient as shown in the histograms
c b a CD40L expression is reduced on activated CD4 + T-cells (expressing CD69), with <15% of CD4 + cells expressing CD40L following stimulation; in contrast, the comparable value for healthy controls is >80%. CD4 T-cells from mothers of XHIGM patients exhibited a duality of CD40L expression (with approximately 50% of CD4 cells positive for CD40L), suggesting their carrier status.
In this case, the percentage of CD4 + T-cells expressing CD69 and CD40L poststimulation was markedly reduced (~17%) in contrast to the percentage expressing CD69 activation marker (approximately 80%). However, the affirmative diagnosis of XHIGM syndrome requires the identification of a mutation affecting the CD40L/TNF receptor gene. The mutational study, however, could not be performed in our hospital due to its nonavailability.
CONCLUSION
Although cases of disseminated cryptococcosis are known, it is highly uncommon in children. Cases have been reported in India, but perhaps, this is the first reported case of HIGM syndrome in a child presenting with disseminated cryptococcosis. This case suggests that patients with any disseminated fungal infection should be suspected for PID, especially HIGM, and accordingly evaluated. It also highlights the invaluable role of modern laboratory techniques such as flow cytometry in the early diagnosis of such cases.
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